Two new Mannich bases, 5-methyl-2-((4-(pyridin-2-yl)piperazin-1-yl)methyl)phenol (1) and 5methyl-2-((4-(4-nitrophenyl)piperazin-1-yl)methyl)phenol (2), were prepared and characterized structurally with elemental analysis, IR, UV and NMR spectroscopic techniques as well as single crystal X-ray diffraction. Compound I crystallizes in the monoclinic space group P21/c with unit cell dimensions a = 6.6726 (2) Å, b = 17.0542(6) Å, c = 13.3222(4) Å, β = 100.832(1)°, V = 1489.00 (8) Å 3 , Z = 4, R1 = 0.0408, wR2 = 0.1143. Compound II crystallizes in the monoclinic space P21 with unit cell dimensions a = 5.9519(2) Å, b = 17.3315(8) Å, c = 15.7237(7) Å, β = 90.348(2)°, V = 1621.95(12) Å 3 , Z = 4, R1 = 0.0353, wR2 = 0.0965. Both compounds have their structures stabilized by hydrogen bonding and π•••π interactions.
INTRODUCTION
Mannich bases from phenols and acetophenones especially have shown significant corrosion inhibition, anticancer, antimalarial properties in addition to coordination potentials with metal ions of biological interests including biocatalysis [1, 2] . Our recent research focus has been on the catecholase activities of Cu(II) and Fe(III) complexes of specially designed Mannich bases and they have shown promising results in this regard [3] [4] . A report on the synthesis and characterisation of two new phenolic Mannich bases with potentially beneficial properties in the field of coordination chemistry; 5-methyl-2-((4-(pyridin-2-yl)piperazin-1-yl)methyl)phenol (I) and 5-methyl-2-((4-(4-nitrophenyl)piperazin-1-yl)methyl)phenol (II), is presented herein.
EXPERIMENTAL

Materials and measurements
Formaldehyde, 1-(2-pyridyl)piperazine, 1-(4-nitrophenyl)piperazine and m-cresol as well as solvents were purchased from Sigma-Aldrich and used as received. Micro analytical determinations (C, H and N) were obtained using Elementar Analysensysteme VarioMICRO V1.62 GmbH analysis System. NMR spectra ( 1 H and 13 C NMR) were acquired in CDCl 3 using Bruker AMX 300 MHz spectrometer. Attenuated total reflection Fourier transform infrared (ATR-FTIR) spectra for all the samples were recorded on a PerkinElmer Spectrum400 spectrophotometer in the range 4000 to 650 cm -1 . Electronic spectra were recorded for the solutions of the synthesized compounds in DMF on a Perkin Elmer UV-Vis spectrophotometer model Lamba 25. The melting points were determined on a Gallenkamp melting point apparatus.
Synthesis of 5-methyl-2-((4-(pyridin-2-yl)piperazin-1-yl)methyl)phenol (I)
A mixture of m-cresol (6 mmol, 0.649 g), 1-(2-pyridyl)piperazine (6 mmol, 0.979 g) and (40 mmol, 3 mL) of formaldehyde solution (37%) were refluxed in 15 mL of ethanol for 24 h. White crystalline solids were obtained from the reaction mixture upon standing for about 3 days. These were collected, washed with ethanol and dried. Yield was 68%. Single crystals suitable for X-ray diffraction measurements were obtained by recrystallization of the product from chloroform: ethyl acetate mixture. Anal. calcd. (%) for C 17 (m, 7H, ArH), 3.72 (s, 2H, Ar-CH 2 ), 3.60 (t, 4H, (CH 2 ) 2 N-), 2.68 (t, 4H, (CH 2 ) 2 N-), 2.30 (s, 3H, CH 3 -Ar). 13 
Synthesis of 5-methyl-2-((4-(4-nitrophenyl)piperazin-1-yl)methyl)phenol (II)
A mixture of m-cresol (6 mmol, 0.649 g), 1-(4-nitrophenyl)piperazine (6 mmol, 1.243 g) and (40 mmol, 3 mL) formaldehyde solution (37%) in 15 mL of ethanol were refluxed for 24 h. Solid precipitates were obtained upon leaving the reaction mixture for about a week. This was collected and washed with ethanol. Yield was 70%. Single crystals suitable for X-ray diffraction were obtained by recrystallization of the product from chloroform: ethyl acetate mixture. Anal. 13 
Data collection, structural determination and refinement
The data were collected using a Bruker KAPPA APEX II single crystal X-ray diffractometer, with a 4-circle Kappa goniometer and sensitive CCD detector. The instrument used a Molybdenum fine focus sealed X-ray tube as an X-ray source and an Oxford Cryostream 700 system for sample temperature control. Bruker's APEX2 software [5] was used for instrument control. The structure was solved using SHELXT-2014 [6] and refined by least square procedures using SHELXL-2016 [7] with SHELXLE [8] as a graphical interface. Data were recorded for absorption effects using the numerical method implemented in SADABS [5] . The crystallographic data for the compounds are summarized in Table 1 . Information on Hydrogen bonding is provided in Table 2 .
RESULTS AND DISCUSSION
Chemistry
Compounds I and II were readily synthesized through the reaction of 1:1 molar ratio of m-cresol with 1-(2-pyridyl)piperazine and 1-(4-nitrophenyl)piperazine respectively by refluxing in ethanol, in moderately high yields (about 70 %) and high purity (Scheme 1). Both compounds are soluble in chloroform, DMF and DMSO. Single crystals suitable for X-ray diffraction were obtained by two-solvent recrystallization technique followed by slow evaporation in air. Various spectroscopic techniques in addition to single crystal X-ray crystallography were employed to characterise the compounds. 
Spectral description
UV spectra of the two Mannich bases are shown in Figure 5 . Compound I displayed π -π* and n-π* transitions at 288 and 305 nm respectively [12] while compound II showed a intraligand transition attributed to the nitro group at 430 nm in addition to π -π* and n-π* transitions at 277 and 369 nm respectively [13, 14] . The FT-IR spectra of the compounds showed vibrations for hydrogen bonded OH protons around 3300 cm -1 as broad bands while two strong bands for each compound were observed for the ν(C-N-C) vibrations of the piperazine units in the Mannich bases at about 1320 and 1250 cm -1 [15] .
The 1 H and 13 C NMR spectra of the compounds were recorded CDCl 3 . In the 1 H NMR spectra, the broad signal at about 10.5 ppm is attributed to the proton of the -OH groups in each case of the Mannich base. Formation of mono-Mannich bases is proven by singlet signals (of the methylene group that acted as a linker between the phenol and the secondary amine) at about 3.72 ppm and their integration for two protons in each case [16, 17] . The unsymmetrical nature of the piperazine units in the Mannich bases is supported by the observation of two signals of its protons in the range 2.68-3.60 ppm. The aromatic protons were observed as multiplets in the range 6.63-8.08 ppm while the aromatic carbons resonated in the range 107-160 ppm. The aromatic carbon carrying the hydroxyl group resonate around 153 ppm. 
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CONCLUSION
Two phenolic Mannich bases, 5-methyl-2-((4-(pyridin-2-yl)piperazin-1-yl)methyl)phenol and 5methyl-2-((4-(4-nitrophenyl)piperazin-1-yl)methyl)phenol, were prepared and characterized by spectroscopic techniques. The crystal structures of the compounds are described in details. Both compounds have their structures stabilized by hydrogen bonds and π•••π interactions.
